Purpose: Contrast sensitivity (CS) testing using chart tests of CS is becoming increasingly common in low vision assessment. Yet we know little about the validity of these charts, i.e. which region of the spatial frequency spectrum is being measured. In this study we aimed to determine the validity of currently available CS charts by comparison against osciUo scope-based CS. We also determined their relative ability to predict reading speed. 
Results:
The results show that the Pelli-Robson chart and the Cambridge gratings are good measures of medium to low spatial frequencies, as would be predicted from their design, while the Regan and UW charts correlated with medium to high frequencies. The Vistech chart was a good predictor of CS at each spatial frequency.
Conclusions:
The best chart test of CS depends on which region of the CS curve is of interest. All the charts were good predictors of reading rate.
It is becoming increasingly recognised that assess ment of contrast sensitivity (CS) is an important aspect of a functional low vision assessment. CS at low spatial frequencies, around 0.5 cycles per degree source. All subjects had been using this low vision aid for at least 5 months prior to this study and therefore can be expected to have completed the initial adaptation period to low vision aid usage. The visual acuity was remeasured and the refractive error was checked. All were corrected for refractive error during the testing, including the appropriate near addition for viewing the charts at 1 m. The eye with better visual acuity or the eye normally used for reading was used while the fellow eye was occluded.
The ocular diagnosis was known from the subject's file and this was confirmed by direct ophthalmoscopy. 
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All the data were converted to a logarithmic form (except for those already in log form, i.e. Pelli
Robson, UW and Regan charts).
RESULTS
For each chart test of CS, correlation coefficients were calculated for its score against CS at each spatial frequency as measured on the Joyce screen and also for CS at the peak of the CS curve, wherever that happened to be for each observer.
Since a number of correlations were being per formed, the significance level was adjusted to O.OS/n.
They were found to be high and significant correla tions between most measures of CS.
The results for the Pelli-Robson chart are shown in 
Cambridge Gratings
Correlation coefficient These also show maximum correlation with low spatial frequencies. Fig. 1C and D illustrate the results of the Regan and UW charts similarly plotted, and show that both these charts correlate optimally with medium to high spatial frequencies.
In Table II the results of the Vis tech chart are shown. It can be seen that, for each spatial frequency, the maximum correlation coefficient was found at either the same spatial frequency or an adjacent spatial frequency as measured on the oscilloscope.
All the charts tests correlated with reading rate (Fig. 2) , although the Regan chart did not reach significance due to the smaller number of subjects who were able to obtain a measure on this chart. The Correlation of reading rate against contrast sensitivity as measured on each chart. PR, Pelli-Robson; C, Cambridge gratings; UW, UW Low Contrast chart; R, Regan Low Contrast chart; VO.5 to V6.0, Vistech chart at 0.5 to 6 cycles per degree. The numbers of subjects able to obtain a score are indicated. n.s., not significant at the 0.0008 level.
Pelli-Robson, UW and 4 cpd Vistech charts were found to give the highest correlations with reading rate.
DISCUSSION
The finding that most of the charts correlate well with a range of spatial frequencies is not unexpected as (a) adjacent spatial frequencies are intercorrelated and (b) letters are a broad-band stimulus containing a range of spatial frequency components as are the Cambridge square wave gratings.
The results with the Pelli-Robson chart are consistent with the assumptions made in its design. If letters are detected at threshold by channels sensitive to 2 cycles per character, we would expect the highest correlation at 1-2 cpd, when the chart is used at 1 m rather than 3 m, which is what this study confirms.
The Cambridge gratings were found to be a good estimate of CS at low spatial frequencies -as expected since the gratings are 0.66 cpd square waves when the test is used at 1 m. According to Fourier theory, a square wave is detected by whichever is the first component (fundamental or harmonic) to reach its own threshold?l The first harmonic is at 3 times the frequency of the fundamental with one-third of its amplitude, while the second harmonic is at 5 times the frequency of the fundamental with one-fifth the amplitude. In the case of a 0.66 cpd square wave, the first harmonic would be 2 cpd and the second would be 3.3 cpd .
Seventy-seven per cent of subjects had their peak CS at 1 cpd, while only 20% had the peak at 2 cpd and one subject's CS peaked at 0.5 cpd. No subject had CS at 2 cpd that was 3 times that at 1 cpd. Thus it seems that the majority of subjects will have detected the Cambridge gratings by the fundamental and not by one of the higher harmonics, which is consistent with the finding that the best correlation was between the Cambridge gratings and the lower spatial frequencies on the Joyce screen.
Both the UW and the Regan charts are strictly measures of low contrast visual acuity, rather than CS. Contrast remains constant and the resolution 
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Reading rate (units/min.) Table   III with the addition of the CS that predicts zero reading rate.
From the scatterplots (Fig. 3) it can be seen that there is a large amount of scatter, particularly in the case of the Cambridge gratings. It may be more helpful to consider the results in terms of maximum achievable reading rate for a given CS value. By inspection of Fig. 3C it can be seen that there were no observers who had a CS of less than 120 who were able to read at faster than 20 words per minute. In order to achieve a reading rate of 55 units per minute (which is equivalent to fluent reading with contin uous text), CS must be at least 120. Similarly with the Pelli-Robson chart, to obtain fluent reading (55 units per minute) log CS must be at least 1.05, and on the UW chart low contrast acuity must be 1.44 10gMAR or better. This study was supported in part by the Canadian Optometric Education Trust Fund and by the Burton Fund. We would like to thank all the subjects who took part in this study and Dennis Meyer for technical assistance.
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